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METHOD OF ALIGNING META-MODELS 

FIELD OF THE INVENTION 

0001. The invention relates generally to meta-models, and 
more particularly to a system and method for aligning meta 
models that are defined using the Meta Object Facility 
(MOF). 

BACKGROUND OF THE INVENTION 

0002. The Meta Object Facility (MOF) is an Object Man 
agement Group (OMG) standard for Model Driven Engineer 
ing. MOF is used to define model structures based on a 
meta-model, which specifies the elements and fields that can 
be present in an instance of the model. Each element is typed, 
and each element can contain one or more "structural fea 
tures” that are also typed. 
0003. Additionally, the meta-model can be extended by 
the creation and application of a profile, which contains Ste 
reotypes that can be used to extend the structural features of 
any element. These profiles and stereotypes change the struc 
ture of any model and element to which they are applied. To 
complicate matters, it is possible to apply a profile to an 
individual package at any level of the model's hierarchy of 
packages. And to further complicate matters, a package may 
be moved in a contributor model Such that Some contained 
packages for which a profile was in Scope are no longer 
covered by that profile. A final complication is the fact that 
each of these profiles can be at a different version, depending 
on whether the specific user chose to upgrade to a newly 
released profile or not. 
0004. In order for two models that were worked in parallel 
to be comparable, their meta-models must be fully aligned, 
i.e., the same profiles at the same versions must be applied to 
the same packages at the same level in the total hierarchy. 
While more advanced version control systems used in mod 
eling provide automated merge facilities, they do not incor 
porate automated processes for aligning meta-models. 
Instead, existing techniques require the realignment to be 
done manually in which the models are compared and merged 
in a tedious manual operation done outside the scope of the 
automated merge facilities. This is extremely inconvenient 
and error-prone. Accordingly, a need exists for an automated 
system for aligning meta-models. 

SUMMARY OF THE INVENTION 

0005. The present invention addresses the above-men 
tioned problems, as well as others, by providing an automated 
system and method for aligning meta-model in a Meta Object 
Facility (MOF) environment. 
0006. In a first aspect, the invention provides a system for 
processing meta-models defined in accordance with Meta 
Object Facility (MOF), comprising: a version control system 
for checking meta-models in and out of a model repository; a 
system for merging two versions of a meta-model that are 
based on a common ancestor version and were worked on in 
parallel; and an alignment system for aligning the two ver 
sions and the common ancestor whenever a profile has been 
applied differently to any of the two versions and common 
ancestor version. 
0007. In a second aspect, the invention provides a com 
puter program product stored on a computer readable 
medium, which when executed by a computer system, pro 
cesses meta-models, the computer program product compris 
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ing: program code configured for checking meta-models in 
and out of a model repository; program code configured for 
merging two versions of a meta-model that are based on a 
common ancestor and were worked on in parallel; and pro 
gram code configured for aligning the two versions and the 
common ancestor whenever a profile has been applied differ 
ently to any of the two versions and common ancestor. 
0008. In a third aspect, the invention provides a method for 
aligning instances of a meta-model within a meta-model pro 
cessing system, comprising: providing an interface for check 
ing meta-models in and out of a model repository; merging 
two versions of a meta-model that are based on a common 
ancestor and were worked on in parallel when a second one of 
the two versions is being checked back in; and aligning the 
two versions and the common ancestor whenevera profile has 
been applied differently to any of the two versions and com 
mon anceStor. 

0009. In a fourth aspect, the invention provides a method 
for deploying a system for aligning meta-models, compris 
ing: providing a computer infrastructure being operable to: 
provide an interface for checking meta-models in and out of a 
model repository; merge two versions of a meta-model that 
are based on a common ancestor and were worked on in 
parallel when a second one of the two versions is being 
checked back in; and align the two versions and the common 
ancestor whenever a profile has been applied differently to 
any of the two versions and common ancestor. 
0010. In a fifth aspect, the invention provides a system for 
processing meta-models, comprising: a system for compar 
ing two versions of a model; and an alignment system for 
aligning associated meta-models of the two versions when 
ever a profile has been applied differently, wherein the align 
ment system includes a version mismatch system for recog 
nizing if different profile versions are being applied to like 
packages within different versions of the meta-model, and for 
adjusting each like package within the different versions of 
the meta-model to a most recent profile version. 
0011. This meta-model alignment process described 
herein allows an automated merge process to proceed trans 
parently, hoisting all profile applications up to a level at which 
they are common again and upgrading them to the latest 
version in memory. Advantages include the fact that the user 
can complete the merge at the appropriate time (e.g., during a 
delivery) instead of stopping the whole process and pulling 
out the contributors and manually adjusting a final merge 
result. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. These and other features of this invention will be 
more readily understood from the following detailed descrip 
tion of the various aspects of the invention taken in conjunc 
tion with the accompanying drawings in which: 
0013 FIG. 1 depicts a computer system having a meta 
model alignment system in accordance with an embodiment 
of the present invention. 
0014 FIG.2 depicts an illustration of normalizing profiles 
at different versions inaccordance with an embodiment of the 
present invention. 
0015 FIG. 3 depicts an illustration of normalizing mis 
matched profiles in accordance with an embodiment of the 
present invention. 
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0016 FIG.4 depicts an illustration of normalizing profiles 
whose locations have changed in accordance with an embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0017 FIG. 1 depicts a computer system having a model 
processing system 18 for processing, controlling, storing and 
managing meta-models. In particular, model processing sys 
tem 18 handles the case where two versions that are based on 
a common ancestor meta-model version are checked out of a 
model repository 32, are worked on, and are sequentially 
checked back in requiring a compare/merge operation. More 
particularly, model processing system 18 handles the situa 
tion where a profile has been applied differently to any of the 
two versions and the ancestor version. 

0018 For clarity purposes, it is noted that technically users 
check in/check out and modify actual models or model files, 
while the systems, methods and computer programs 
described herein process the model's underlying structure 
through its associated meta-model. Accordingly, while a user 
deals with models, the systems, programs and methods 
described herein deal with the model's structurally-defining 
meta-models. Thus, while the term “meta-model' is used 
throughout this document to describe and claim the various 
embodiments, it is understood that from a user's perspective, 
the term “model” may be substituted without changing the 
scope or intent of the disclosure. 
0019. In this illustrative embodiment, model processing 
system 18 includes: (1) a check in/checks out system 20 for 
allowing users to check meta-models into and out of model 
repository 32; and (2) a merge system 22 that automatically 
compares/merges different versions of a meta-model having a 
common ancestor version, which have been worked on in 
parallel by end users. 
0020 Included in merge system 22 is a meta-model align 
ment system 24 that aligns a local, remote, and ancestor 
version of a meta-model. The ancestor version is the original 
or common instance of the meta-model stored in the model 
repository 32. The remote version34 and the local version 36 
are two instances or copies of the original ancestor version 
that were checked out and modified. The remote version 34, 
which is the first version to be checked back in, does not 
require a merge/compare operation and is simply checked 
back in as a branch to the ancestor version. The local version 
36, which is the second version to be checked back in, 
requires a merge/compare operation to ensure that the 
changes made to both the remote and local versions are incor 
porated. Merge system 22 provides a process for allowing 
Such a three-way merge of the ancestor, remote, and local 
meta-model versions. 

0021 When the model processing system 18 detects the 
need for a three way merge, meta-model alignment system 24 
checks the meta-models for profile alignment and then nor 
malizes them Such that each model has identical structures 
and are thus fully comparable. Namely, if any one of the 
remote, local orancestor version have a profile that is applied 
differently than the others, meta-model alignment system 24 
aligns the profiles for each version. 
0022. The meta-model alignment system 24 includes a 
version mismatch system 26, a profile mismatch system 28, 
and a profile location change system 30 that check for and 
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handle each of: (1) version mismatch; (2) profile mismatch; 
and (3) profile location change, respectively. 

Version Mismatch 

0023 FIG. 2 depicts an example of how version mismatch 
is handled and shows a before 50 and after 58 representation 
of an ancestor 40, remote 42 and local 44 version of a meta 
model. In this example, there are three different profile ver 
sions 46 (V1,V2, and V3) being applied to package E within 
the model. Namely, ancestor package E 52 has version V1, 
remote package E has version V2, and local package E has 
V3, the most recent version. 
0024. When a version mismatch occurs, version mismatch 
system 26 (FIG. 1) loads the version of the profile it can see at 
the path specified, and verifies that this profile is versioned 
equal to or greater than any of the versions that have been 
applied in the three models. 
0025 If an equal or greater version is not visible at the 
correct location, the user is warned and the merge is aborted. 
Otherwise, each of the applied profile applications is 
upgraded in memory to the latest version. As can be seen in 
the after representation 58 of FIG. 2, package E in each of the 
models has been upgraded to profile version V3 48. 
0026. Thus, version mismatch system 26 (FIG. 1) recog 
nizes if different profile versions are being applied to “like 
packages within different versions of the meta-model, and 
adjusts each “like' package within the different versions of 
the meta-model to a most recent profile version. 

Profile Mismatch 

0027 FIG.3 depicts an example of how profile mismatch 
is handled and shows a before 60 and after 68 representation 
of an ancestor, remote and local version of a meta-model. In 
this example, there are three different profiles, profile X 62, 
profile Y 64 and profile Z 66. Profile X 62 is applied to 
package E in each model, profile Y 64 is applied to package C 
of the remote meta-model, and profile Z is applied to package 
B of the local meta-model. 
0028 Profile mismatch system 28 (FIG. 1) causes each 
profile (e.g., X,Y,Z) in any of the models to be propagated to 
all of the models (ancestor, remote, and local) in exactly the 
same place, whether or not they are used. This allows the 
merge/compare process to crawl equivalent meta-model 
extensions while scanning each of the model elements. 
0029. As can be seen in the after representation 68 at the 
bottom of FIG. 3, each package E contains profile X, each 
package C now contains profile Y, and each package B now 
contains profile Z. 
0030 Thus, profile mismatch system 28 (FIG. 1) recog 
nizes if different profiles are being applied to “like packages 
within different versions of the meta-model, and ensures that 
the “like packages within each of the different versions of the 
meta-model utilize a common profile. 

Profile Location Change 
0031 FIG. 4 depicts an example of how profile location 
change (within the model hierarchy) is handled and shows a 
before 70 and after 72 representation of an ancestor, remote 
and local version of a meta-model. In this example, profile X 
74 was originally applied to just package E 76 in the ancestor 
version. In the remote version, profile X was reapplied up one 
hierarchical level to package D78. In the local version, profile 
X was removed completely. 
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0032. When a profile or a package with an applied profile 
is hierarchically moved within the model, the scope of the 
profile's visibility changes, resulting in subtle difficulties for 
the merge process. Profile location change system 30 (FIG. 1) 
causes the profile in each model to be hoisted up to highest 
hierarchical level at which the profile is applied in any of the 
models. This can be seen in the after representation 72 at the 
bottom of FIG. 4, in which profile X has been applied to 
package D80 in each model. 
0033. Thus, profile location change system 30 (FIG. 1) 
recognizes ifa profile is being applied at differenthierarchical 
levels within the different versions of the meta-model, and 
ensures that the profile is applied to a highest hierarchical 
level in each of the versions of the meta-model. 

Illustrative Methodology 

0034. The process described herein is applicable to arbi 
trary set of models with any number of profiles applied to 
some or all of the models. There are three data structures used 
in the methodology: 
0035 (1) Profile-to-Versions Map, which is a map that will 
associate specific profiles with an array of entries. There is an 
entry in the array for every model being analyzed. The entry 
keeps the version of this specific profile applied to that model. 
0036 (2) Profile-to-Applications Map Array is an array of 
maps. There is an entry in this array for each model being 
analyzed. Every such entry is a map that associates a specific 
profile with a list of applications for that profile in the model. 
Note that the “Profile Application' is an instance of the Profile 
applied to a specific Package of the model. 
0037 (3) Profiles-to-Migrate Map is a map that will store 
profiles to be migrated along with the required profile ver 
sions. 
0038. The first stage of the process is the preparation stage, 
in which the models are analyzed and information about 
profiles applied to the models is retrieved. This may be 
accomplished with the following algorithm: 

0039. For every model (loop) 
0040. A list of all profile applications is retrieved; 
0041. For every profile application (loop) 

0.042 information about the profile application is 
stored in 

0043 the Profile-to-Applications Map Array: 
0044) A version of the profile is stored in the Pro 
file-to-Versions Map: 

0045. The next stage is the analysis stage, in which the 
profile versions are analyzed and a list of profiles to be 
migrated is populated. This may be accomplished with the 
following algorithm: 

0046 For every profile in the Profile-to-Versions Map 
(loop) 
0047. An associated array of versions is retrieved 
from the map: 

0048 
0049. If a given profile was not applied to a certain 
model, the model will be ignored; 

0050. If all versions in the array are equal, no 
migration is required; 

0051) If different versions of the profile areapplied 
to the models, the profile is stored along with its 
greatest version in the Profiles-To-Migrate Map: 

The array of versions is analyzed 
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0.052 The next stage is the migration stage, in which 
inconsistent profiles detected in the Analysis Stage' are 
migrated to the required version and verified. This may be 
accomplished with the following algorithm: 

0053 For every profile in the Profiles-to-Migrate Map 
(loop) 
0054 For every model (loop) 

0055 Alist of applications of a given profile in this 
model is retrieved from the Profile-to-Applications 
Map Array; 

0056. If there are no applications of a given profile 
in this model, the model is skipped; 

0057 For every profile application (loop) 
0.058 Check the current profile application's 
version against the required version; 

0059. If the current version is less than required, 
perform the profile migration; 

0060. During the migration of the profile appli 
cation in a given package to the latest version, all 
Sub-packages will be automatically migrated to 
the latest profile as well. 

Illustrative Location Change Process 
0061. If the meta-models differ by hierarchical scope of 
profile, the following variation may be utilized. If a package 
or classifier is moved to a different location in the model, its 
profile application scope is automatically adjusted so that 
stereotypes are still within the scope of the profile. In such a 
case, the scope of the meta-model addition has been either 
increased by moving the profile application upwards in the 
hierarchy, or decreased by moving it downwards in the pack 
age hierarchy. 
0062 Since this can be done arbitrarily for two contribu 
tors, the three meta-models can completely differ in their 
Scope of application, and a generic extension to the above 
algorithm is needed to provide a common meta-model that 
can be used for all of the models. 
0063. In the preparation stage, a new map is needed, 
referred to herein as the profiles scope map. In the analysis 
stage, the profiles scope map is keyed by profile, with the data 
being a list of contributor scope entries, each of which con 
tains the contributor and all of its packages in Scope for that 
profile. After each contributor has been iterated, the scope for 
each profile is compared. For each model with less scope than 
the benchmark (the one with the highest scope), the profile is 
hoisted one level at a time until the scope meets or exceeds the 
benchmark. At that point, the models are scanned upwards to 
find a common point of application in order to complete the 
meta-model realignment. 
0064. In the migration stage, the profiles scope map is 
consulted, and each profile is applied to the common package. 
Care is taken to preserve the stereotype applications that are 
within the profile's scope. 
0065. Note that while the above embodiments are gener 
ally directed to situations in which a three-way comparison is 
required, it is understood that the scope of invention is not 
limited to three-way comparisons, e.g., the techniques can be 
readily applied to a two-way comparison. For instance, when 
a user is exploring model repository 32 (FIG. 1), it is possible 
to compare any two versions of a model or to compare a 
model to the latest version on the branch or to the previous 
version on the branch. All the commands would go through 
the same process of aligning the meta-models inside those 
instance documents before the compare engine proceeds. 
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0066 Referring back to FIG. 1, it is understood that com 
puter system 10 may be implemented using any type of com 
puting device, and may be implemented as part of a client 
and/or a server. Computer system 10 generally includes a 
processor 12, input/output (I/O) 14, memory 16, and bus 17. 
The processor 12 may comprise a single processing unit, or be 
distributed across one or more processing units in one or more 
locations, e.g., on a client and server. Memory 16 may com 
prise any known type of data storage and/or transmission 
media, including magnetic media, optical media, random 
access memory (RAM), read-only memory (ROM), a data 
cache, a data object, etc. Moreover, memory 16 may reside at 
a single physical location, comprising one or more types of 
data storage, or be distributed across a plurality of physical 
systems in various forms. 
0067 I/O 14 may comprise any system for exchanging 
information to/from an external resource. External devices/ 
resources may comprise any known type of external device, 
including a monitor/display, speakers, storage, another com 
puter system, a hand-held device, keyboard, mouse, Voice 
recognition system, speech output system, printer, facsimile, 
pager, etc. Bus 17 provides a communication link between 
each of the components in the computer system 10 and like 
wise may comprise any known type of transmission link, 
including electrical, optical, wireless, etc. Although not 
shown, additional components, such as cache memory, com 
munication systems, system Software, etc., may be incorpo 
rated into computer system 10. 
0068 Access to computer system 10 may be provided over 
a network Such as the Internet, a local area network (LAN), a 
wide area network (WAN), a virtual private network (VPN), 
etc. Communication could occur via a direct hardwired con 
nection (e.g., serial port), or via an addressable connection 
that may utilize any combination of wireline and/or wireless 
transmission methods. Moreover, conventional network con 
nectivity, such as Token Ring, Ethernet, WiFi or other con 
ventional communications standards could be used. Still yet, 
connectivity could be provided by conventional TCP/IP sock 
ets-based protocol. In this instance, an Internet service pro 
vider could be used to establish interconnectivity. Further, as 
indicated above, communication could occur in a client 
server or server-server environment. 

0069. It should be appreciated that the teachings of the 
present invention could be offered as a business method on a 
Subscription or fee basis. For example, a computer system 10 
comprising a meta-model alignment system 24 could be cre 
ated, maintained and/or deployed by a service provider that 
offers the functions described herein for customers. That is, a 
service provider could offer to provide meta-model alignment 
services as described above. 

0070. It is understood that the systems, functions, mecha 
nisms, methods, engines and modules described hereincan be 
implemented in hardware, Software, or a combination of 
hardware and software. They may be implemented by any 
type of computer system or other apparatus adapted for car 
rying out the methods described herein. A typical combina 
tion of hardware and Software could be a general-purpose 
computer system with a computer program that, when loaded 
and executed, controls the computer system Such that it car 
ries out the methods described herein. Alternatively, a specific 
use computer, containing specialized hardware for carrying 
out one or more of the functional tasks of the invention could 
be utilized. In a further embodiment, part or all of the inven 
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tion could be implemented in a distributed manner, e.g., over 
a network Such as the Internet. 
0071. The present invention can also be embedded in a 
computer program product, which comprises all the features 
enabling the implementation of the methods and functions 
described herein, and which when loaded in a computer 
system is able to carry out these methods and functions. 
Terms such as computer program, Software program, pro 
gram, program product, Software, etc., in the present context 
mean any expression, in any language, code or notation, of a 
set of instructions intended to cause a system having an infor 
mation processing capability to perform a particular function 
either directly or after either or both of the following: (a) 
conversion to another language, code or notation; and/or (b) 
reproduction in a different material form. 
0072 The foregoing description of the invention has been 
presented for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed, and obviously, many modifications 
and variations are possible. Such modifications and variations 
that may be apparent to a person skilled in the art are intended 
to be included within the scope of this invention as defined by 
the accompanying claims. 

1. A system for processing meta-models defined in accor 
dance with Meta Object Facility (MOF), comprising: 

a version control system for checking meta-models in and 
out of a model repository; 

a system formerging two versions of a meta-model that are 
based on a common ancestor version and were worked 
on in parallel; and 

an alignment system for aligning the two versions and the 
common ancestor whenever a profile has been applied 
differently to any of the two versions and common 
ancestor version. 

2. The system of claim 1, wherein the alignment system 
includes a version mismatch system for recognizing if differ 
ent profile versions are being applied to like packages within 
different versions of the meta-model, and for adjusting each 
like package within the different versions of the meta-model 
to a most recent profile version. 

3. The system of claim 1, wherein the alignment system 
includes a profile mismatch system for recognizing if differ 
ent profiles are being applied to like packages within different 
versions of the meta-model, and for ensuring that like pack 
ages within each of the different versions of the meta-model 
utilize a common profile. 

4. The system of claim 1, wherein the alignment system 
includes a profile location change system for recognizing if a 
profile is being applied at different hierarchical levels within 
the two versions of the meta-model, and for ensuring that the 
profile is applied to a highest hierarchical level in each of the 
two versions of the meta-model. 

5. The system of claim 1, wherein the two versions of the 
meta-model include a remote version and a local version that 
were checked out of the model repository during a same 
period of time, and wherein the remote version was checked 
back in first. 

6. The system of claim 5, wherein the alignment system is 
initiated when the remote version was checked out as a copy 
of the ancestor version, modified and checked backin; and the 
local version was check out as a copy of the ancestor version, 
modified, and is being checked back in. 

7. The system of claim 6, wherein the aligning is initiated 
when local version is being checked back in. 
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8. A computer program product stored on a computer read 
able medium, which when executed by a computer system, 
processes meta-models, the computer program product com 
prising: 

program code configured for checking meta-models in and 
out of a model repository; 

program code configured for merging two versions of a 
meta-model that are based on a common ancestor and 
were worked on in parallel; and 

program code configured for aligning the two versions and 
the common ancestor whenever a profile has been 
applied differently to any of the two versions and com 
mon anceStor. 

9. The computer program product of claim 8, wherein the 
aligning includes recognizing if different profile versions are 
being applied to like packages within different versions of the 
meta-model, and for adjusting each like package within the 
version of the meta-model to a most recent profile version. 

10. The computer program product of claim 8, wherein the 
aligning includes recognizing if different profiles are being 
applied to like packages within different versions of the meta 
model, and for ensuring that like packages within each of the 
versions of the meta-model utilize a common profile. 

11. The computer program product of claim 8, wherein the 
aligning includes recognizing if a profile is being applied at 
different hierarchical levels within the two versions of the 
meta-model, and for ensuring that the profile is applied to a 
highest hierarchical level in each of the two versions of the 
meta-model. 

12. The computer program product of claim 8, wherein the 
two versions of the meta-model include a remote version and 
a local version that were checked out of the model repository 
during a same period of time to be worked on, and wherein the 
remote version was checked back in first. 

13. The computer program product of claim 12, wherein 
the aligning is initiated when the local version is being 
checked back in. 

14. The computer program product of claim 13, wherein 
the aligning causes an aligned set of versions of the meta 
model to be generated and stored in the model repository. 

15. A method for aligning versions of a meta-model within 
a meta-model processing system, comprising: 
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providing an interface for checking meta-models in and out 
of a model repository; 

merging two versions of a meta-model that are based on a 
common ancestor and were worked on in parallel when 
a second one of the two versions is being checked back 
in; and 

aligning the two versions and the common ancestor when 
ever a profile has been applied differently to any of the 
two versions and common ancestor. 

16. The method of claim 15, wherein the aligning includes 
recognizing if different profile versions are being applied to 
like packages within different versions of the meta-model, 
and for adjusting each like package within the version of the 
meta-model to a most recent profile version. 

17. The method of claim 15, wherein the aligning includes 
recognizing if different profiles are being applied to like 
packages within different versions of the meta-model, and for 
ensuring that like packages within each of the versions of the 
meta-model utilize a common profile. 

18. The method of claim 15, wherein the aligning includes 
recognizing if a profile is being applied at different hierarchi 
cal levels within the two versions of the meta-model, and for 
ensuring that the profile is applied to a highest hierarchical 
level in each of the two versions of the meta-model. 

19. The computer program product of claim 8, wherein the 
two versions of the meta-model include a remote version and 
a local version that were checked out of the model repository 
during a same period of time, and wherein the remote version 
was checked back in first. 

20. A system for processing meta-models, comprising: 
a system for comparing two versions of a model; and 
an alignment system for aligning associated meta-models 

of the two versions whenever a profile has been applied 
differently, wherein the alignment system includes a 
version mismatch system for recognizing if different 
profile versions are being applied to like packages within 
different versions of the meta-model, and for adjusting 
each like package within the different versions of the 
meta-model to a most recent profile version. 
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